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In 1990, the EU decided to install a system of data banks for all wine-producing countries within the EU (EU Regulation 2676/90) to protect and control the authenticity of European wines. The analysis of stable isotopes as genuine markers of wine origin becomes an important part of the authentication process. Determination of the site-specific D/H ratio in wine ethanol by NMR was the first officially adopted stable isotope method (Martin et al. 1983) . In subsequent years, further applications of the stable isotope method were adopted ( 13 C/ 12 C values of ethanol, 18 O/ 16 O in wine water). Finally, all these methods were recommended to detect fraud in wine production (ECR 1990; CEN 1996; OIV 2012 ). 2 H/ 1 H and 13 C/ 12 C values of ethanol are used to detect the addition of exogenous sugar before or during the fermentation process (Dordevic et al. 2013) . Beet and cane sugar, the two main additives, have different isotope ratios in comparison with wine must.
18 O/ 16 O in wine water is used to detect the addition of water in must. Tap or spring water has a lower 18 O concentration than the original grape juice (Guyon et al. 2006) .
The European wine databank (2004) collects more than 1400 samples of grapes annually according to wine regions and production (France or Italy 400 samples, Czech Republic 20 samples). The databank serves quality control purposes, and every member state has access to its own data only (or that of a country of possible import). Aside from this official databank, a number of studies were published on stable isotope data with respect to various phenomena. These data can be used for the comparison and interpretation of stable isotope patterns in selected wines. We analysed more than 50 samples of Czech production (South Moravian region vintage 2008 -2015 
MATERiAl And METhOds
Wine samples. Only wines labelled as PDO (protected designation of origin) (AOC in France, DOC in Italy) were considered for testing. According to the European Community trademark law (No. 1493 (No. /1999 , wine to be considered as a 'quality wine psr' must be produced in a specified region. Some foreign wines were available only as Protected Geographical Region (PGR, IGP in France). Table wines or wines from a tank were measured occasionally but not considered in the study.
Methods. The original method from Epstein and Mayeda (1953) using the equilibration reaction between CO 2 and water for the measurement of δ 18 O in water was modified for must and wine measurements (ECR 1990; CEN 1996; ECR 2009 O ratio during evaporation and condensation (depletion with evaporation, enrichment during condensation, depletion of precipitation with increasing latitude, enrichment with increasing temperature, less depletion with decreasing latitude, etc.). Generally, precipitation at a given location generates groundwater and soil water of a typical δ 18 O value, which is taken up by the roots of the vine and subsequently transported to the leaves. This part of water supply is without any significant isotope fractionation (White 1989) . However, δ 18 O is higher in grape (enriched with 18 O) as compared to soil water because of enrichment during evapotranspiration in leaves and grape skin as well as exchange with atmospheric vapour (Tardaguila et al. 1997; Rossmann et al. 1999) . Final changes in δ 18 O of grape water occur in the period between veraison (berries start to change colour) and harvest (Rossmann et al. 1999) . Climatic conditions during the harvest period are most important. The dry and hot environment of the end of summer produces wines with relatively stable and positive δ
18 O values (e.g., +1 to +8‰). Later harvest (September or even October) in the higher latitude regions (north of France or Italy, Central Europe, or Germany) takes place at lower temperatures, with higher air humidity and raining, which shifts δ 18 O of the must to variable and frequently even negative values (+1 to -4‰). The fermentation process does not change the δ 18 O value significantly: must and wine differ only 0.2% or less (Rossmann et al. 1999 
REsulTs And disCussiOn
Regional 18 O variations. The sample measurements are summarised in Table 1 18 O values can be roughly interpreted as an increase in δ 18 O with decreasing latitude (i.e., with increasing air temperature and lower precipitation and air humidity) (Figure 1) . Further variation for a given location manifests as variation of δ 18 O with a given vintage year. For these reasons, the EU wine databanks collect samples every year to provide comparison for suspicious samples of the same vintage and origin. Updating the data banks is a laborious task, and comparable samples are not always available. Supplementary methods and models are created to estimate probable δ 18 O values of wine from certain locations. Models are constructed on meteorological parameters such as relative humidity, mean air temperature, and GIS parameters. Models were tested for American wines from Washington, Oregon, and California (West et al. 2007 ) and German wines from Rhine, Pfalz, and Mosel regions (Hermann & Voerkelius 2008) . For the tested years, models offer good quality data for the comparison of local wines using the data banks. (Figure 2 ). These data correspond to different microclimatic conditions in both regions: the Little Carpathian region is drier and warmer than the South of Moravia. We examined Moravian wines for a possible relationship to air temperature, precipitation, and the 18 O isotopic composition of precipitation last month before harvest (all data are from the South Moravian region in September) (CHMI 2016) (Figure 3 ). All plots show expected effects of the δ 18 O values of wine water: a temperature decrease ( Figure 3A ), extreme precipitation ( Figure 3B) , and a decrease in δ 18 O of precipitation ( Figure 3C ).
Because examining the wine water for the addition of water or must of some other origin is a comparative method, it is important to know the range of reliable δ
18 O values for a given region and vintage. With the known time variation (Figures 2 and 3) , we can identify samples with higher δ
18 O values (dotted area in Figure 1 ) as possible mixtures of local must with must from regions of lower latitude with higher temperature and evapotranspiration (for example from Moldavia or Romania). Only 15% of grapes from the other region are allowed for PDO. Wines with more negative δ
18 O values than corresponds to Figure 2 are likely to contain additional water (δ 18 O of local tap water varies from -9 to -9.5%). We observe this phenomenon frequently in association with 'pure' fruit juice or must. For example, apples from the 2015 harvest have δ
18 O values from -2.2 to -2.6% (apple juice has lower variability than grape must), but the retail product has the δ 18 O value of -5.6 or less. Using Balance Equation 2 and δ 18 O of -9.5‰ for tap water, we get about 45% of additional water in '100% juice' . Food Sci., 35, 2017 (3): 200-207 
